To determine the concentrations of copper in some duralumin alloys and river-water samples by a flame atomic absorption spectrometry after its preconcentration using solvent extraction with a chelate reagent, we prepared Schiff bases from the condensation of diamines with aldehydes as the chelate reagent to extract copper(II) into nitrobenzene. 1 We also prepared complexes of the copper(II) with Schiff bases in order to investigate how the geometry the copper(II) coordinates to the Schiff base. In the course of those preparations, we found a new copper(II) complex with a Schiff base in by-products. It is interesting to identify the chemical structure of the copper(II)-Schiff base complex as the by-product, because the finding of an unexpected by-product could often be useful for improving the preparation method, or finding a new analytical reagent. Accordingly, its crystal structure was investigated.
At first, we chose N,N¢-bis [2-(salicylideneamino) propane] as the target Schiff base, and tried to investigate whether copper(II) coordinates to it. The target complex, copper(II)-N,N¢-bis[2-(salicylideneamino)propane], was tried to prepare as follows: stirring condensation of 0.11 mol of 1,3-propanediamine (Wako, Osaka, Japan) with 0.28 mol of salicylaldehyde in 50 cm 3 of an absolute ethanolic solution for 30 min at room temperature, the addition of 1000 cm 3 of methanol, evaporation of solvents, addition of 100 cm 3 of water, extraction of the produced Schiff base into chloroform, evaporation of chloroform, stirring of 0.11 mol of copper(II) sulfate with the crude Schiff base in an aqueous methanolic solution for 1 h at 70˚C, and filtration of yellow-green solids as the main product. The main product was not identified, because it was not crystallized. However, a yellow-green by-product ([Cu3L2]) as a plate single crystal with both solids of the main product and crystals of copper(II) sulfate in the filtrate concentrated by evaporation was obtained.
X-ray reflections of the single crystal were collected using a Rigaku RAXIS-IV diffractometer. A structure determination was carried out using the program SIR2002. All of the nonhydrogen atoms were anisotropically refined. All of the hydrogen atoms were located by calculations inferred from attached carbon atoms, and were constrained with a riding model during the refinements, although simply omitted. The chemical structure of [Cu3L2] is illustrated in Fig. 1 . Figure 2 shows a labeling diagram of [Cu3L2]. The crystal data are summarized in Table 1 Table 2 . The atomic coordinates and the other bond distances and angles for non-hydrogen atoms are summarized in Tables S1 -S3 (Supporting Information).
[Cu3L2] was a trinuclear copper(II) complex of 1,1,1-tris(Nsalicylideneaminomethyl)ethane (H3L). Some crystal structures of the analogous trinuclear metal complexes with H3L have been reported. [2] [3] [4] The trinuclear copper(II) complex [Cu3L2] of octahedral coordination geometry has not yet been reported. Each coordination geometry of [Cu3L2] would depend on its preparative condition. Square-planar [Cu3L2] has been prepared from the complexation of copper(II) perchlorate with H3L in an acetonitrile-methanol or dichloromethane solution in the presence of triethylamine for the deprotonation of phenolic OH groups of H3L (mole ratio of Cu(II), H3L, and triethylamine 3:2:6) 4 after the condensation of 2-(aminomethyl)-2-methyl-1,3-propanediamine with salicylaldehyde at a mole ratio of 1:3 in an absolute ethanolic solution. 5 On the other hand, it is considered that the octahedral [Cu3L2] might be produced from the complexation of excess copper(II) sulfate with a trace of H3L in an aqueous methanolic solution in the presence of a large excess of N,N¢-bis [2-(salicylideneamino) propane] after the condensation of 2-(aminomethyl)-2-methyl-1,3-propanediamine as an impurity in 1,3-propanediamine with salicylaldehyde in absolute ethanolic solution in this work. The N,N¢-bis [2-(salicylideneamino) propane] would work as a reagent to deprotonate the phenolic OH groups of H3L in the aqueous methanolic solution.
Accordingly, in the case that the formation of L 3-dissociated all of the phenolic protons in an aqueous methanolic solution of the relatively high permittivity, the octahedral [Cu3L2] might be formed. In the case of the formation of HL 2-in an organic solvent of relatively low permittivity, square-planar [Cu3L2] might be formed.
The bond distance of Cu1-O2 is shorter than those of Cu1-O1 and Cu1-O3. The bond distance of Cu1-N1 is longer than those of Cu1-N2 and Cu1-N3. The bond angles of O1-Cu1-N3, O2-Cu1-N2, and O3-Cu1-N1 are 158.79, 157.60, and 157.34˚, respectively. Therefore, the coordination geometry around Cu1 had a distorted octahedral geometry. On the other hand, the length order of the bond distances around Cu2 is Cu2-O1 > Cu2-O2 > Cu2-O3. The bond angles of O1-Cu2-O3¢, O2-Cu2-O2¢, and O3-Cu2-O1¢ are 171.23(9), 169.12(9), and 171.23(9)˚, respectively, where O1¢, O2¢, and O3¢ are generated by a symmetry operation (-x+2, y, -z+1/2+1). Therefore, the coordination geometry around Cu2 had a slightly distorted octahedral geometry, compared to the geometry around Cu1. Those bond distances from 2.066 to 2.142 Å around Cu1 and Cu2 in the octahedral [Cu3L2] were relatively longer than those around Cu in the square-planar [Cu3L2], which are 1.874 to 2.030 Å. 4 Consequently, the octahedral [Cu3L2] would give a largely distorted geometry, compared to the square-planar [Cu3L2]. 
